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1. Demands, Available Supplies and Deficits
MAP Water Resources in West Cumbria
CHAPTER 1
INTRODUCTION
1.1 The provision of additional supplies of water in West Cumbria 
is now an urgent matter. It is anticipated that water supply 
deficits will arise within the next 2 or 3 years, and in 
certain areas difficulties have already arisen in meeting peak 
demands. British Nuclear Fuels Ltd. (B.N.F.L.) require additional 
supplies as soon as possible. Schemes to make supplies avail­
able must therefore be capable of being implemented fairly 
quickly.
1.2 The area under consideration forms the western edge of the 
Lake District National Park and all the sources considered 
in this report, apart from the aquifer in the immediate 
vicinity of Calder Hall, lie wholly or partly within the 
National Park boundaries. The Rivers Ehen, Calder and Irt 
support migratory trout and salmon and are angling streams 
of a high quality. Amenity considerations therefore play 
an important part in determining the location and extent of 
any development.
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CHAPTER 2
EXISTING WATER SUPPLIES
2.1 The structure of public water supplies in West Cumbria is based 
on two separate zones, corresponding to the statutory areas of 
the former West Cumberland and South Cumberland Water Boards.
The Northern Zone includes the Workington, Cockermouth, Maryport 
and Wigton areas, and the Southern Zone covers Whitehaven, 
Cleator Moor, Egremont and Ravenglass. Water supplies are well 
integrated within each zone but there is no substantial link 
between the zones.
2.2 Water is supplied to the rural area around Wigton from the 
Chapel House and Overwater reservoirs and from a number of 
smaller sources. An increase in the demand for water in this 
area can be met most readily by diverting supplies from 
Crummock Water. Workington, Cockermouth, Maryport and the 
surrounding areas are supplied from Crummock Water. Supplies 
for the Southern Zone are drawn mainly from Ennerdale. There 
is also an intake at Worm Gill a tributary of the River Calder, 
and a bulk supply is taken from the B.N.F.L. Wastwater main.
2.3 Certain industrial concerns in the Workington area have an 
industrial supply of partially treated water from the River 
Derwent. This industrial supply is operated by the Authority 
on behalf of the industrial concerns. The scheme is capable 
of expansion to meet some increased demand by those firms 
which are party to the agreement, and possibly to accommodate 
some new industries coming into the area.
2.4 British Nuclear Fuels Ltd. (B.N.F.L.) draw water from Wastwater, 
from the River Calder at Calder Hall and Calder Bridge, and 
from the River Ehen at Braystones. The Authority takes a small 
supply from B.N.F.L.*s Wastwater pipeline to provide local 
rural supplies. The B.N.F.L. abstraction from the River Calder 
at Calder Hall is subject to river flow conditions, and is 
therefore not always available.
CHAPTER 3
DEMANDS km  DEFICITS
3.1 The present position regarding high quality piped supplies is 
that in the northern Zone demands and available supplies are 
about in balance, while in the Southern Zone there is a small 
surplus of about 5 Ml/d. The current total demands for the 
two Zones are about 107 Ml/d and the total available supplies 
are about 113 Ml/d. Difficulties are, however, experienced 
in meeting peak demands in certain areas.
3.2 B.N.F.L.*s average current requirements amount to about 53 Ml/d 
and their existing reliable supplies are 41 Ml/d, i.e. additional 
supplies are required to meet the present dry-weather deficits 
for the existing plant. So far part of their plant has been 
closed down for maintenance purposes whenever the flow in the 
River Calder has fallen below the prescribed minimum, but this 
will not always be the case.
3.3 The forecasts for future demands adopted for this report are 
based on the Authority*s 1974 series of ten-year and 30-year 
demand forecasts. The 1974 forecasts for public piped supplies 
indicate that, if the Northern and Southern Zones were linked, 
demands and available supplies will be in balance by 1978, 
while the anticipated deficit for the year 2003 would amount
to about 55 Ml/d. The Authority's latest forecasts (1976 
series) show a rather slower rate of increase in the demand 
for water in the area, but the imminent need for additional 
supplies is unchanged.
3.4 B.U.F.L.,s own forecast of their additional requirements is 
for at least a further 20 Ml/d by 1984* Until the Company 
have completed the detailed designs for their proposed expan­
sion, however, there will be some uncertainty about these 
requirements, and B.N.F.L. have indicated that their final 
requirements might be scmewhat greater than has been assumed 
in this report.
3.5 Details of existing available supplies and forecast demands 
(1974 series) for the two Zones, together with similar informa­
tion for B.N.F.L. are shown in Appendix 1.
CHAPTER 4
4.1 This chapter describes the alternative water resource develop­
ments that have been considered to meet the forecast deficits 
in West Cumbria. Possible developments to make additional 
supplies available are:~
(i) Additional unsupported abstractions from the 
River Ehen by B.N.F.L.
(ii) Redeployment of Ennerdale Water.
(iii) Provision of additional storage at Ennerdale Water.
(iv) Augmentation of River Calder from Groundwater.
(v) Boreholes in the Calder Hall area.
(vi) New Reservoir at Worm Gill or on the River Bleng.
(vii) Abstractions from River Derwent.
(viii) Additional abstractions from Wastwater.
Additional Unsupported Abstractions from the River Ehen
4.2 Without augmentation from Ennerdale, the scope for additional 
abstractions from the River Ehen is very limited. In the absence 
of detailed information on fish movement in the river it is not 
possible at present to assess accurately the effects that 
increased abstractions would have on the fishery. However, if 
the B.N.F.L. abstraction point were moved downstream from 
Braystones to the tidal limit, where natural dry weather flows 
are estimated to be some 7 Ml/d higher, an increase in licensed 
abstraction from 18 Ml/d to 27 Ml/d could be considered as an 
interim measure.
4.3 A low weir would have to be constructed at the intake to control 
the water level, and to limit saline intrusion, and fish count­
ing and recording equipment would have to be installed to monitor 
fish movement.
Redeployment of Ennerdale Water
4.4 The River Ehen flows out of Ennerdale Water and reaches the sea 
at Sellafield. It thus provides a direct link from Ennerdale, 
an existing reservoir, to the B.N.F.L. site. The proposal would 
be to make releases from Ennerdale to the River Ehen at times of 
low natural flow to support continuous abstractions by B.N.F.L. 
from the river at its tidal limit. Lake outflow would be main­
tained to at least 32 Ml/d, as at present, and the additional 
augmentation releases would benefit the whole length of river, 
being made whenever the residual flow at the tidal limit fell
to the prescribed minimum.
4.5 The hydrological analyses for the assessment of the supplies 
that could be made available in this way to B.N.F.L. and the 
effects on the direct supply yield have been based on rainfall 
records and short-^period flow records. The estimates of yields 
will need to be revised in due course as more data becomes 
available, and this could lead to a lower assessment of avail­
able supplies. The implication of this would be to advance 
the starting date of any follow-up scheme.
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4 .6  A prescribed residual flow of 45 Ml/d at the tidal limit is 
recommended initially. It may be possible when information on 
fish movement has been gathered over a number of years, to 
adopt a somewhat lower prescribed flow than this, which would 
make a greater quantity of water available for supply - but on 
the other hand a higher residual may be shown to be desirable.
4.7 Ehe hydrological investigation has shown that no overall 
increase in yield is obtained by changing from direct supply 
to river regulation. Consequently the use of Ennerdale to 
support abstractions from the River Ehen would lead to a 
reduction in the quantity available for direct abstraction 
from the lake, unless a greater volume of storage were created 
in Ennerdale.
Provision of Additional Storage at Ennerdale Water
4.8 The Authority has the powers under the Whitehaven Corporation 
Order (1947) ^0 construct an embankment at Ennerdale to raise 
the retention level in the lake by up to 1.2m, increasing the 
total storage available by up to 3,500 Ml. The additional 
storage capacity would allow an increase in the direct abstrac­
tions from the lake, and could also be used to augment the 
River Ehen to support abstractions at the tidal limit by 
B .N .F.L. The storage capacity could also be increased by 
making provision for the lake to be drawn down a further 0.6m 
in extreme drought conditions. It is estimated that in total 
this would make available about 40 Ml/d of additional supplies, 
although the qualifying remarks about the hydrological analyses 
(see para. 4*5) apply in this case as well.
4 .9  The works required at Ennerdale to provide this additional 
storage would be:-
(a) The construction of a new embankment about 3m high on 
the low land adjacent to the outlet from the lake;
(b) the raising of the weir (or the construction of a new 
one);
(c) the construction of a new fish pass;
(d) the construction of a new intake and the provision of 
facilities for making compensation water and augmenta­
tion releases to the river;
(e) the lowering of the supply pipework between the intake 
and the treatment plant;
(f )  the diversion of short lengths of the forestry road 
along the North side of the lake to raise it above 
the proposed lake level.
4.10 Any proposal to raise the level of Ennerdale and to increase the 
range of draw-down must have full regard to amenity considera­
tions. Hie lake is within the National Park, and there is a 
Site of Special Scientific Interest at the head of the lake 
which would he partly flooded. The actual raising of the level 
to the extent "being considered would not greatly alter the 
appearance of the lake when full. The main effect on visual 
amenity would he the additional exposure of the shore-line when 
the lake level is drawn down, Significant additional exposure 
would not be expected to occur more frequently than about once in 
ten year nor last longer than 4 t o 6 weeks. No buildings would 
be affected, but some further land adjoining the lake would have 
to be acquired as part of the flooded area.
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Augmentation of River Calder from Groundwater
4.11 A proposal to develop the St. Bees Sandstone aquifer in the 
Calder Valley for use in conjunction with abstractions from 
the River Calder was investigated by the Water Resources 
Board/Central Water Planning Unit. Their Report dated 
January 1975 indicated that additional supplies of up to
40 Ml/d might be obtainable from such a scheme. However, 
the information obtained during the investigations was far 
from conclusive, and before any firm proposals could be put 
forward further pumping tests extending over several months 
would be required with observation of groundwater levels and 
river flows. These tests would take 5 years or so to complete 
and would cost about £500?000 in capital expenditure, and 
because of the nature of the sandstone it is doubtful whether 
a scheme on these lines would be found to be feasible. Even 
if the tests were successful, 50 boreholes or so would be 
required making the operation of the scheme both costly and 
complex. It is considered that this scheme is too uncertain 
and the further testing required too costly to be considered 
further at the present time.
Boreholes in the Calder Hall Area
4.12 Tests on two existing boreholes in the Calder Hall area were 
carried out in 1975 and. have shown that a supply of the order 
of 5 or 6 Ml/d of good quality water should be obtainable from 
production boreholes sunk on land owned by B.N.F.L.
New Reservoir at Worm Gill or Bleng
4.13 Possible reservoir sites at Worm Gill on the River Calder, and 
on the River Bleng were mentioned in the Northern Technical 
Working Party Report (1970) in which the yields were assessed 
as 55 Ml/d and 64 Ml/d respectively. A reservoir at either 
site could be used in direct supply or for augmentation of the 
River Calder either for public water supply or to supply 
B.N.P.L. A reservoir at Bleng might possibly also afford 
supplies southwards to the Millom and Barrow areas. However, 
for the promotion and construction of one of these projects a 
period of at least 8 years would have to be allowed, giving 
1985 as the earliest date for new supplies being made available, 
and as additional supplies are required well before this date, 
neither of these projects is a practical solution to the medium 
tern needs of the area.
Abstractions from the River Derwent
4.14 The River Derwent rises on the slopes at the head
of Borrowdale, and flows through Derwent Water and Bassenthwaite 
Lake to reach the sea at Workington. Thirlmere Reservoir is 
situated on St. John*s Beck, a tributary of the River Greta, 
which joins the River Derwent at Portinscale, between Derwent 
Water and Bassenthwaite Lake. Supplies have been drawn from 
the River Derwent by industry in the Workington area for many 
years. There are several private abstractions from the river 
(notably that of British Steel) as well as the Industrial 
Supply Scheme, (para. 2.3)
4.15 site for a new abstraction from the River Derwent would he 
immediately upstream of the Yearl Weir at Workington. The 
river water is normally of excellent quality and could be 
readily treated to potable standards. However, the suspended 
load increases rapidly in times of flood, and this would need 
to be recognised in the design of the treatment process. Two- 
stage treatment would be required if the water were to be taken 
directly into supply, and the new treatment plant could be 
sited adjacent to the existing Barepot Works.
4.16 A limited first stage scheme for the augmentation of the river 
from Thirlmere was approved by the Authority in February 1975* 
This allocates an annual total of 3,750 Ml from storage in 
Thirlmere for river augmentation and will support additional 
abstractions up to the 57 Ml/d authorised in the West 
Cumberland Water Board Order (1966). Abstractions from the 
Lower Derwent over and above this figure would probably 
require the allocation of a greater volume from storage in 
Thirlmere, seme river improvement works and possibly a gravity 
by-pass at the outfall from Bassenthwaite Lake. A mathematical 
model of the whole Derwent catchment is at present being deve­
loped and this, together with actual operating experience of 
the first stage scheme, will lead to a better assessment of the 
storage required and the effect on supplies to the south.
Additional Abstractions from Wastwater
4.17 B.N.F.L. are currently authorised to abstract 18 Ml/d frcm 
Wastwater and out of this quantity make available 2.2 Ml/d as
a bulk supply to the Authority. Although the Company is required 
to pump frcm the lake into the River Irt whenever the lake out­
flow falls below its prescribed volume of 22 Ml/d, the present 
abstractions have virtually no impact on the naturalness of the 
.lake. Indeed it would probably be possible to allow greater 
abstractions from Wastwater during periods of high flow without 
aiqy impact on the natural lake. An increase in the present 
abstractions at low flow would, however, result in greater and 
more frequent draw-down of the lake, to such an extent that the 
natural outflow would cease during drought periods. There is at 
present no artificial control of the level of the lake and it is 
likely that any proposals to introduce such control would give 
rise to substantial objections on amenity grounds.
CHAPTER 5
Interim Schemes
5.1 The only schemes capable of development to meet the immediate 
requirements of B.N.F.L. for their existing plant are:-
Boreholes in the Calder Hall area 
and
Movement of the B.N.F.L. abstraction point 
on the River Ehen to the tidal limit.
Subject to the obtaining of abstraction licences and necessary 
powers, these two schemes should be implemented as quickly as 
possible.
major Developments
5.2 An overall deficit in public water supplies is forecast to arise 
in 1978 by which time the interim schemes for B.N.F.L. will be 
fully utilised. As stated in Chapter 4» a new reservoir at 
Bleng or at Worm Gill could not be promoted and constructed to 
make supplies available in sufficient time, additional continuous 
supplies from Wastwater would probably be the least acceptable of 
all the alternative developments on amenity grounds, and the 
proposal to augment the River Calder from groundwater is too 
uncertain to be considered further within this time-scale. The 
choice therefore lies between the provision of additional storage 
at Ennerdale and a new abstraction from the River Derwent, or 
some combination of the two.
5.3 The works required and the estimated costs of a range of alterna­
tive developments at Ennerdale and on the River Derwent are 
summarised in the table on the following page. In cases 1 and
2 in the Table, Ennerdale storage is used for augmentation of the 
River Ehen, to afford supplies to B.N.F.L., and to meet demands 
in the Southern Zone, and any surplus is transferred to the 
Northern Zone. Supplies are drawn from the River Derwent only 
when Ennerdale is fully utilised, first for the Northern Zone 
and then for transfer to the Southern Zone. In case 3» all 
additional supplies are drawn from the River Derwent, and no 
works are carried out at Ennerdale. B.N.F.L. are supplied from 
the River Ehen augmented by transfers from the River Derwent, via 
the River Keekle. In..case 4) Ennerdale is raised by 1.2m and a 
low-level intake is constructed as in case 2, but when abstrac­
tions from the River Derwent are introduced in 1986 they are used 
first of all to augment the River Ehen via the River Keekle, 
allowing Ennerdale to revert to direct supply. Further abstrac­
tions from the River Derwent are introduced later with a 2-stage 
water treatment plant for supply in the Northern Zone. In cases 
5 and 6 no account is taken of the B.N.F.L. requirement.
DISCUSSIOI OF ALTERNATIVE DEVELOPMENTS
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Summary o f  C o s ts  o f  A l t e r n a t i v e  D evelopm ents a t  
E n n e rd a le  an d  on th e  R iv e r  Derwent (Q2 1975 p r i c e s )
5 .4  c o s t  c o m p ariso n s  show t h a t  i t  i s  econom ic t o  make f u r t h e r  u s e  o f 
E n n e rd a le  b e fo r e  d e v e lo p in g  th e  R iv e r  D erw en t. F u r th e rm o re  t h e r e  
a re  a  num ber o f  w orks a s s o c i a t e d  w ith  th e  T h ir lm e re /D e rw e n t schem e 
w hich  h av e  n o t b e e n  exam ined  i n  any d e t a i l  and  c o n s e q u e n tly  th e  
c o s t s  o f  t h e s e  w orks have  n o t  b e e n  in c lu d e d  i n  th e  above T a b le .
T hese w o rk s , w hich  c o u ld  c o s t  i n  e x c e s s  o f  £ 5 0 0 ,0 0 0 , in c lu d e  m odi­
f i c a t i o n s  t o  th e  o u t l e t  from  T h ir lm e re , im proved  o u t l e t  a r r a n g e ­
m en ts  from  B a sse n th w a ite  Lake and  g e n e r a l  r i v e r  im provem ent w o rk s .
I n  a d d i t i o n  th e  a l l o c a t i o n  o f  a  g r e a t e r  volum e o f  s to r a g e  i n  
T h ir lm e re  f o r  th e  a u g m e n ta tio n  o f th e  R iv e r  Derwent h a s  tw o im p l i ­
c a t i o n s  r e l a t e d  t o  s u p p l i e s  t o  th e  s o u th ,  th e  f i r s t  b e in g  a  r e d u c ­
t i o n  i n  a v a i l a b i l i t y  i n  s u p p l i e s  and th e  se c o n d  b e i r g  in c r e a s e d  
o p e r a t in g  c o s t s  a r i s i n g  from  th e  n e e d  f o r  a d d i t i o n a l  pum ping w i th in  
e x i s t i n g  pow ers from  th e  Lake D i s t r i c t  r e g io n a l  s o u r c e s .
5 .5  When com pared w ith  th e  T h ir lm e re /D e rw e n t o p t io n  t h e r e  a r e  econom ic 
and o p e r a t io n a l  r e a s o n s  why maximum u s e  s h o u ld  be made o f  E n n e rd a le  
W ater f o r  h ig h  q u a l i t y  p ip e d  s u p p l i e s .  T hese r e a s o n s  a r e  s u b s ta n ­
t i a l l y  r e l a t e d  t o  th e  good q u a l i t y  w a te r  d i r e c t l y  s u p p l i e d  from  
E n n e rd a le ,  l a r g e l y  by g r a v i t y ,  r e s u l t i n g  i n  s i g n i f i c a n t l y  lo w e r 
o p e r a t in g  c o s t s  th a n  w ould  be  i n c u r r e d  by p r o v id in g  s u p p l i e s  from  
th e  D erw en t.
5 .6  The u s e  o f  E n n e rd a le  t o  s u p p o r t  f u r t h e r  a b s t r a c t i o n s  from  th e  R iv e r  
E hen i s  t h e  m ost o b v io u s  and  c o n v e n ie n t way o f  m e e tin g  th e  r e q u i r e ­
m en ts  o f  B .N .F .L . As th e  r i v e r  f lo w s  d i r e c t l y  from  E n n e rd a le  t o  
t h e  B .N .F .L . s i t e  a t  S e l l a f i e l d  i t  i s  c l e a r l y  c h e a p e r  t o  make u s e  
o f  t h e  r i v e r  l i n k  t h a n  t o  l a y  a  new p i p e l i n e  e i t h e r  from  E n n e rd a le  
o r  from  th e  R iv e r  Derwent and  p a r t i c u l a r l y  so  i f  a  new in ta k e  i s  
t o  be c o n s t r u c te d  a t  th e  t i d a l  l i m i t  a s  a n  in te r im  m e a su re . The 
R iv e r  E hen  w ould  b e n e f i t  from  th e  a u g m e n ta tio n  r e l e a s e s  a t  t im e s  
o f  low  n a t u r a l  f lo w .
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5.7 When the time came that the available storage in Ennerdale was 
insufficient to meet the requirements of B.F.F.L. and of public 
water supply, it might be possible to support the B.N.P.L. abstrac­
tions from the River Ehen by transferring water from the River 
Derwent via the River Keekle. This would allow more water to be 
drawn from Ennerdale for public water supply. For river manage­
ment reasons, sane augmentation releases would continue to be 
required from Ennerdale. Further investigations are needed to 
establish the viability of this proposal.
5.8 The discussion in this Chapter has been principally related to 
economic and operational considerations. Thirlmere/Derwent is 
a perfectly feasible scheme for the provision of additional 
supplies but the economic and other factors favour provision 
of additional storage at Ennerdale. These factors must be 
balanced against amenity considerations. The River Derwent would 
benefit from augmentation releases from Thirlmere, but may 
require works at the outfall of Bassenthwaite Lake. The River 
Ehen would benefit from augmentation releases from Ennerdale but 
would suffer from additional exposure of the shoreline during 
periods of prolonged dry-weather. As explained in para. 4*10» 
however, significant additional exposure would be infrequent
and of short duration. Aijy possibilities for mitigating this 
impact would have to be carefully explored. It may be possible, 
for example, to design the overflow weir from Ennerdale Water to 
achieve the raising of the water level in two stages if this 
were desirable.
CHAPTER 6
6.1 The time taken to commission works for additional supplies 
would probably be about 3 to 4 years. The design and 
construction phases would be about 30 months, while the 
critical factor controlling any programme of proposals for 
making available additional supplies would be the time 
taken to obtain all necessary powers.
6.2 In the case of the provision of additional storage at 
Ennerdale powers are already held under the Whitehaven 
Corporation Water Order (1947) "to raise the level of the 
lake by up to 1.2m. The provision of a new fish pass at 
Ennerdale would require the approval of the Minister of 
Agriculture, Fisheries and Food under Section 10 of the 
Salmon and Freshwater Fisheries Act, 1975*
6.3 In one or both of these schemes for augmentation of the 
River Ehen or the River Derwent the following powers 
could be required:-
(i) A variation of existing abstraction licences 
(Water Resources Act, 1963);
(ii) Hew river abstraction licences (Water Resources
Act, 1963);
(iii) Discharge Orders under Section 1 of the Water 
Resources Act, 1971. Any such Order with a 
National Park would be subject to annulment by 
either House of Parliament;
(iv) Planning Permission for any above-ground works;
(v) Compulsory Purchase Orders where any land 
required cannot be obtained by agreement.
POWERS REQUIRED FOR DEVELOPMENT
APPENDIX
The p a t t e r n  o f  f u tu r e  demands f o r  p u b l ic  w a te r  s u p p l i e s  i n  W est C um bria 
assum ed i n  t h i s  s tu d y  b a se d  on th e  A u th o r i t y 1s 1974 s e r i e s  p la n n in g  f o re c a s t . 
The 1975 s e r i e s  shoved  ver y l i t t l e  change f o r  th e  N o r th e rn  D iv i s io n .
E x i s t i n g  A v a i la b le  S u p p l ie s
The s o u rc e s  s u p p ly in g  th e  n o r th e r n  and s o u th e rn  zo n es  o f  t h e  a r e a ,  and  
BNFL a r e  a s  f o l lo w s :
FORECAST DEMANDS AVAILABLE SUPPLIES AND I CITS
N o r th e rn  z o n e : S o u rce  
Crummock h a t e r  
A u g h e r tre e  
S k i r t  & L a ig  G ra in  
L a ig la n d s  
H ouse G i l l  
Tom Rudd Beck 
Holme Beck 
S a i l  Beck 
Comb G i l l
R ,E l l e n  & C h ap e l H ouse) 
O v erw a te r )
H a l l s  Beck )
S o u th e rn  Z one:
Worm G i l l  
E n n e rd a le
B u lk  S u p p ly  From BNFL
BNFL: W a stw a te r 1 8 .2
R. C a ld e r  a t  C a ld e r  B rid g e  6 .8
R. C a ld e r  a t  C a ld e r  H a ll  0 (27*3 when a v a i l a b l e )
R. E l le n  1 8 ,2
T o ta l  4 3 .2  (7O .5 )
L e s s  2 .2  M /d  b u lk  su p p ly  2 .2
N et T o ta l  4 1 .0  ( 6 ? .3 )
FORECAST DEMANDS AND DEFICITS (all quantities are in Ml/d)
Additional supplies will be needed to meet forecast deficit in the 
northern zone by 1976 and in the southern zone by 1979* BNFL require 
additional, supplies as soon as possible to meet existing deficits.

